The approach to a substantiation of thermodynamics is offered. A conservative system of interacting elements, which is not in equilibrium, is used as a model. This system is then split into small subsystems that are accepted as being in equilibrium. 
Introduction.
The theoretical link between classical mechanics and thermodynamics can be constructed by investigation of the irreversibility mechanism. Irreversibility is an essential part of the second law of thermodynamics. According to this law there is function ′ S ′ named entropy, which can only grow for isolated systems, achieving a maximum at a state of equilibrium. But this is in contradiction with reversibility of the Newton equation and potentiality of the fundamental forces [Hooft, 1980] . The great importance of the irreversibility problem for fundamental physics explains its big popularity among the physicists. The history of its solution was very extensive and sometimes, dramatic. Therefore, let us reference only few those works, which precisely enough gives a clear picture of the state in the problem of irreversibility [Cohen, 1998; Lebowitz, 1993; Petrosky & Prigogine, 1997; Zaslavsky, 1999] .
A first attempt to resolve this contradiction has been done by Boltzmann. From the H-theorem it follows that many-body systems should equilibrate. But for obtaining this result, Boltzmann had used principles of probability. Therefore the contradiction was not overcome.
For overcoming this problem, it was suggested to try to create an expanded formalism of open systems within the framework of classical mechanics laws [Petrosky & Prigogine, 1997] . It turned out that such formalism appears in the process of solving the problem of irreversibility for a hard-disks system due to refusal from conservatism of systems and potentiality of their interactions [Somsikov & Matesov, 2001; Somsikov 2001 Somsikov , 2004a Somsikov , 2004b Somsikov , 2004c .
The substantiation of the mechanism of equilibration for non-dissipative hard-disks system was based on the dependence of force of disks interaction on their relative velocities, and on the necessary condition for irreversibility [Somsikov, 2004a] . The dependence of the force of disks interaction on the velocities followed from their equation of motion. The existence of irreversibility condition followed from the general Liouville equation. But in natural systems the forces of interacting of the elementary particles are potential [Hooft, 1980] and therefore the equation of motion is reversible. Thus there is a key question on a way of a substantiation of thermodynamics: is it possible to connect the fact of the potentiality of interaction elements in the system with irreversibility which in real systems exists? The search of the answer on this question is the purpose of this work.
The investigation is based on the similar method which for a hard-disks system was used. A conservative system of interacting elements, which is not in equilibrium, is prepared. This system is then split into small subsystems that are accepted as being in equilibrium. The subsystem dynamics under condition of their interactions is analyzed on the basis of classical mechanical laws.
The work was carried out in the following way. First of all, based on the equation of motion for disks, we will show that the forces between the selected subsystems, which we called the generalized forces, are dependent on the velocities. This result has led us to the key point that on the base of usual canonical
Hamilton and Liouville equations, the fundamental problem of irreversibility cannot be solved. Instead we have used so-called generalized Hamilton and Liouville equations [Somsikov & Matesov, 2001 ]. Based on this, we discover the condition of irreversible dynamics. This condition follows from the generalized Liouville equation.
Then the dynamics of the systems constructed from potentially interaction elements is analyzed. We will call these systems as Newtonian systems. The equation of motion of the subsystem is obtained.
Based on this equation we answer the question of why and how the velocity dependence of generalized forces between subsystems appears when the forces between the elements are potential.
Then based on the equation of motion of the subsystem the essential link between thermodynamics and classical mechanics is analyzed.
A formula, which expresses the entropy through the work of generalized forces, is obtained. This formula is determined by the fact that the energy of subsystem interaction is transformed into internal energy as a result of the work done by the generalized forces in an irreversible way.
Irreversibility in a hard-disks system.
The study of a hard-disk system is based on the equation of motion for disks. This equation is deduced with help of the matrix of pair collisions. In the complex plane this matrix is given [Somsikov, 2001] :
where a = d kj exp(iϑ kj ); b = β exp(iϑ kj ); d kj = cosϑ kj ; β = sinϑ kj ; i is the imaginary unit; k and j numbers of colliding disks; d kj is the impact parameter (IP), determined by the distance between the centers of colliding disks in a Cartesian plane system of coordinates with axes of x and y, in which the k-disk swoops on the lying j-disk along the x -axis. The scattering angle ϑ kj varies from 0 to π. In consequence of collision the transformation of disks velocities can be presented in such form: 
Here,
That is, Eq. (1) can be presented in the differential form [Somsikov, 2001] :
where
The Eq. (2) determines a redistribution of kinetic energy between the colliding disks. It is not a Newtonian equation because the forces between the colliding disks depend on their relative velocities.
Hence, for the analysis of systems of disks it is impossible to use the canonical Hamilton equation [Lanczos, 1962] . So, we get the generalized Hamilton equation to be applied for studying the subsystem dynamics [Somsikov & Matesov, 2001 ]:
These are the general Hamilton equations for the selected p-subsystem. The external forces, which acted on k disks belong to the p-subsystem, presented in a right-hand side on Eq. 
Eq. (5) is a Liouville equation for the p-subsystem. We can rewrite it in differential form as:
The Liouville equation has the formal solution:
The Eq. (5) is obtained from the common reasons. Therefore it is suitable for any interaction forces of subsystems, as dissipative, as non-dissipative. For a hard-disks system the energy dissipation does not exist. There is only a redistribution of kinetic energy between colliding disks. Thus, Eq. (5) is applicable to analyze any open nonequilibrium systems, because it takes into account the energy exchange between subsystems. Therefore it can be used also for the explanation of irreversibility in a frames of the classical mechanics laws.
The right side of Eq.
, is a similar to the integral of collisions. It can be obtained using the subsystems motions equations. For a hard disks system it can be found with the help of Eq.
(2).
In the non-equilibrium system the right term of Eq. (5) is not zero, because generalized forces are dependent on velocities. Therefore the relative subsystems velocities are distinguish from zero. This conclusion is in agreement with the fact, that subsystems velocities in the non-equilibrium systems are non-zero [Landau & Lifshits, 1976] . This can mean only, that when the system goes to equilibrium state, the relative velocities of subsystems go to zero.
Let us consider the important interrelation between descriptions of dynamics of separate subsystems and dynamics of system as a whole. As the expression,
, is carried out, the next equation for the full system Lagrangian, L R , will have a place:
and the appropriate Liouville equation:
The function, f R , corresponds to the full system. The full system is conservative. Therefore, we have:
This expression is equivalent to the next equality:
In an equilibrium state we have
F p = 0 is fulfilled during all time, we have that equality,
It is in agreement with Liouville theorem about conservation of phase space [Lanczos, 1962] .
So, only in two cases the Liouville equation for the whole non-equilibrium system is in agreement with the general Liouville equation for selected subsystems: if the condition
is satisfied when t → ∞, or when, (
, is a periodic function of time. The first case corresponds to the irreversible dynamics, and the second case corresponds to reversible dynamics [Somsikov, 2004a] .
Because the generalized forces for a hard-disks system depended on velocities, the irreversible dynamics is possible.
Dynamics of strongly rarefied systems of potentially interacting elements is also described by the Eq.
(2). Therefore for those systems, irreversibility is possible as well [Somsikov, 2004a [Somsikov, , 2004b .
We see that the dependence of generalized forces on velocities for subsystems interaction is a necessary condition for the irreversibility to occur. So, the question about irreversibility for Newtonian systems is reduced to that about dependence of the forces between subsystems on the velocity.
For a hard-disks system and for strongly rarefied system of potentially interacting elements the presence of irreversibility is predetermined by Eq. (2). In these systems the interaction forces between the elements are depending on velocities. Therefore it is clear that the generalized forces will depend on velocities as well. But the forces between elements for Newtonian systems are potential. Therefore it is necessary to answer the question: how does velocity dependence of generalized force between subsystems appear when forces between the elements are independent on velocities. The answer on this question is a purpose of the next part of the paper. For this aim the equation of motion for Newtonian subsystems will be obtained.
The subsystems equation of motion
Let us to analyze Newtonian systems. We take a system with energy:
2 is a kinetic energy; U N (r ij ) is potential energy; r ij = r i − r j is the distance between i and j elements; N is the number of elements. Masses of elements are accepted to 1.
The Newton equation of motion for elements is:
It is obviously that the irreversibility in Newtonian systems must be compatible with reversibility of the Newton equation. But already for system of two bodies the force acting on bodies has nonlinear character. It depends on their relative velocity. By transition in system of coordinates of the center of mass this nonlinearity manages to be excluded. For three bodies such exception generally becomes impossible. Therefore this task generally is not solved. From here follows, that it is impossible to assert a priori about potentiality of interaction of many-body systems of under condition of potentiality of pair interactions of elements. We shall show, that non-potentiality the generalized forces, i.e. forces of interaction of subsystems, follows directly from their equations of motion.
Therefore, for the description of evolution of nonequilibrium system, it is necessary to obtain an equation of subsystem motion, which determines the generalized forces. For this purpose we will do the following. In some system of coordinates we represent the total subsystem energy as the sum of the kinetic energy of subsystem motion as the whole, T tr n , the kinetic energy of its elements concerning the center of mass, T ins N , the potential energy of its elements inside the subsystem, U ins N , and finally it is an energy of interaction with other subsystems. We call, E Let us assume for simplification that the system is prepared in a nonequilibrium state of in such way that it can be divided into two subsystems, both of them in equilibrium. The equations for the energy exchange for two interacting subsystems have the forms [Somsikov, 2004b [Somsikov, , 2004c :
(8)
Here we take LV L + KV K = 0, V L and V K are the velocities of the center of mass for the subsystems;
L and K are the number of elements in the subsystems; v ij are the relative velocities between the i and j elements; L + K = N . Masses of elements are accepted to 1. The sub-indexes denote to which subsystems some elements belong.
The first term in the left side Eqs. (8, 9) respectively expresses the rate of change of kinetic energy for the subsystems, T tr . The second term is related to transformation of binding energy for the subsystems,
The right side in the Eqs. (8, 9 ) determine the energy of subsystems interaction. The interaction is a cause of the kinetic energy transformation of the subsystem motion, T tr , into the binding energy.
In case L = K the equation of motion for one of the subsystem can be deduced from Eqs. (8, 9) . It takes the form [Somsikov, 2004c] :
Eq. (10) determines the generalized force, which in its turn depends not only on the coordinates but on the velocities as well. So, the dependence of the generalized forces on the velocities of the elements is now explicitly shown. The dependence of the generalized forces on velocities removes the restriction on irreversibility, superimposed by the Poincare's theorem about reversibility [Zaslavsky, 1999] because this theorem is convenient only to the potential forces.
In agreement with Eq. (10) If the system is in the equilibrium state than the relative velocities of subsystems and the energy flow between them are equal to zero for any splitting [Somsikov, 2004c; Landau & Lifshits, 1976] . The equilibrium state is stable. From the physical point of view the stability of an equilibrium state for mixed systems is caused by aspiration to zero of the generalized forces arising at a deviation of system from equilibrium [Somsikov, 2004a; Rumer & Ryvkin, 1977] . Hence, the system, having come to equilibrium, never leaves this state.
Earlier we have shown [Somsikov, 2004c] that mixing provides aspiration of the generalized force to zero. This conclusion has been proved in mathematical way. The mixing property has been used for transition from summation to integration on impact parameters of colliding disks. How it follows from the Eq. (10), this role of the mixing in systems of potentially interacting elements is similar.
The eq. (10) is transformed into the Newton equation in three cases: in equilibrium state; if subsystems can be taken as a hard without internal degrees of freedom; if the subsystem is conservative.
Thermodynamics and classical mechanics
Let us now consider the essence link between thermodynamics and classical mechanics. It is easy to see the analogy between the Eqs. (8-10) and the basic equation of thermodynamics [Rumer & Ryvkin, 1977] :
Here, according to common terminology, E is internal energy of a subsystem; Q is thermal energy;
P is pressure; Y is volume.
The energy change of the selected subsystem is due to the work made by external forces. Therefore, the change in full energy of a subsystem corresponds to dE.
The change of kinetic energy of motion of a subsystem as the whole, dT tr , corresponds to the term 
Relation between entropy and generalized forces
Let us consider the relation of the generalized field of forces with entropy. According to the results obtained here, and also in agreement with [Landau & Lifshits, 1976 ] the equilibrium state of the system is characterized by absence of energy of relative motion, T tr m , of subsystems. I.e. energy T tr , as a result of the work done by the generalized forces, will be redistributed between the subsystems into the binding energy. This causes an increase of entropy. When the relative velocities of the subsystems go to zero, the system goes to equilibrium. So, the entropy increasing, ∆S, can be determined as follows :
Here E m l is the kinetic energy of subsystem; m l is the number elements in subsystem "l"; R is the number of subsystems; s is number of the external disks which collided with internal disk k. The integral is determining the work of the force F m l ks during the relaxation to equilibrium. It is corresponds to phenomenological formula Clauses for entropy [Landau & Lifshits, 1976] . So, Eq. (12) Eq. (12) . Thus, the Eq. (12) connects dynamic parameter, which is force acting on a subsystem, with entropy, which is a thermodynamic parameter. I.e. this formula established the connection between parameters of classical mechanics and thermodynamic parameters.
Conclusion
Process of the solution of a problem of irreversibility has led to the concepts of the generalized We can find the interrelation of classical mechanics with thermodynamics with the help of the motion equation of the subsystems. This interelation is caused by that the kinetic energy of relative motion of subsystems can be transformed not only to the potential energy of their interaction, but also into their binding energy. Therefore the work on the closed contour is not equal to zero. It corresponds to the first law of thermodynamics.
The generality of the offered mechanism of irreversibility is determined by a generality of the chosen model of nonequilibrium system. As in this mechanism the interaction of elements of systems determine the process of an establishment of equilibrium. Therefore this mechanism is not applicable for systems similar to ideal gas and Brownian particles in which the establishment of equilibrium is caused by interaction with an environment and therefore determined by the probability laws [Smoluchowski,1967] .
Within the framework of the problem put here, the chosen model of nonequilibrium system and methods of its analysis do not contradict to the classical mechanics. Similar model have a place in the real world. It gives the basis to consider, that the connection found here between classical mechanics and thermodynamics qualitatively corresponds to the validity.
